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drawback in cancer therapy. Both cancer and inflammation operate on very similar mechanisms involving
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angiogenesis and cell proliferation. Currently, cancer-intrinsic inflammations have been shown to promote
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cancer progression and hinder apoptosis of cancerous cells. Thus, an effective strategy for chemoprevention
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and therapy would involve the control of inflammation. This research work aims to investigate the anti-

Rutidea parviflora

inflammatory activity of the extracts of the root bark of Rutidea parviflora (Rubiaceae), a plant I previously

phytochemical

reported for anti-ovarian cancer activities and the isolation of palmatine; an anti-cancer compound and a

anti-inflammatory activity

second compound; urs-12-ene-24-oic acid, 3-oxo, methyl ester. This plant is renowned for its anti-

acute inflammation

inflammatory properties amongst locals in Delta state, Nigeria, which has necessitated this present research.
Organic and aqueous extracts were obtained from the pulverized root bark by use of the America national
cancer institute protocol (NCI). The organic extract was partitioned sequentially in increasing order of
polarity with n-hexane, ethyl acetate, n-butanol and distilled water to obtain four fractions. Phytochemical
screening was done using standard procedures. Results from the phytochemical screening indicated the
presence of alkaloids, flavonoids, saponins, tannins, glycosides and carbohydrates. Anti-inflammatory
investigations of the extracts and fractions were carried out by the induction of inflammation. The animals
were grouped into 12 test groups and 2 control groups with 6 rats per group. Egg albumin (0.1 ml) was
administered sub-plantarly followed by treatment. Group A received a dose of 200 mg/kg of the plant
extracts and Group B received a dose of 400 mg/kg of the plant extracts. Group C (positive control) received
indomethacin (10 mg/kg), while Group D (negative control) received 1 ml of normal saline. Statistical
analysis showed significance against the negative control indicated by P<0.05 for extracts and fractions.
While for the fourth hour post induction of inflammation; the activities of the Group B organic extract, ethyl
acetate and n-butanol fractions were comparable with indomethacin indicating that the plant possess
significant anti-inflammatory activity and warrants further anti-inflammatory studies.
© 2020 Johnson-Ajinwo Okiemute Rosa. Hosting by Science Repository.

Introduction
As far back as 1863, Rudolf Virchow observed a link between cancer
and inflammation [1]. Future researches have shown that both diseases
are characterized by enhanced cell proliferation, survival, migration and
angiogenesis. Chronic inflammation has been implicated in 25% of
cancers. Cancer of the pancreas and prostate were mostly initiated by

inflammations of these organs. In particular, chronic ulcerating colitis
and Crohn’s disease are significant contributory factors to the
development of colorectal cancer [2]. While acute inflammation may
have been beneficial in the treatment of squamous cancer of the bladder
[3]. This is not often the case as the presence of acute inflammation could
lead to chronic inflammation, thus paving the way for cancer formation.
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The presence of mutated cells and inflammatory mediators are
characteristic of most tumor inflammations; a signal that both cancer and
inflammation may be connected by the intrinsic and extrinsic pathways
[4, 5]. Given that numerous mechanisms are associated with
inflammations in the cancer progression process, the need for proper
elucidation becomes paramount for novel therapy development.
Considering the fact that inflammation and cancer have similar
pathways, it follows that by targeting inflammations, cancer could be
brought under control. Currently, Nonsteroidal anti-inflammatory drugs,
(NSAID) has been associated with a decrease in cancer risk [6, 7].
Aspirin, Diclofenac and Celecoxib are among the most-studied NSAID
for cancer therapy. However, the long-term use of NSAID could result
in potentially life-threatening conditions [8, 9]. Given the wealth of
evidence available from medicinal plant researches, some plants have
demonstrated potent activities on cancer and inflammation. Very
recently, extracts of Cordia myxa; demonstrated both anti-cancer and
anti- inflammatory activities and has been suggested as a potential
substitute for NSAID [9].

University of Benin, Nigeria. The voucher specimen number of the plant
given as; Rutidea parviflora INTERCEDD/1588. The root bark was
dried, dusted, cleaned and cut into pieces before it was milled to coarse
powder. Methanol, dichloromethane, chloroform, diethyl ether, acetic
anhydride, glacial acetic acid, sodium picrate, 2% 3,5-dinitrobenzoic
acid, picric acid, iodine solution, dimethyl sulfoxide, (JHD company,
Guangdong. Guanghua Sci-Tech. Co. Ltd. China), hydrochloric acid,
Million's reagent, Benedict's solution, Wagner's reagent, sodium
hydroxide, ferric chloride solution, saturated lead acetate solution,
Dragendorff’s reagent, Kedde reagent, ammonia solution, 7.5%
potassium hydroxide, Fehling’s solution A and B (Sigma Aldrich
Chemicals, St Louis, USA), distilled water, deionized water
(Pharmaceutical Chemistry Lab, University of Port Harcourt).

In this research, the Phytochemical screening and in vivo evaluation of
the anti-inflammatory activities of Rutidea parviflora; a Nigerian plant
with significant anti-cancer activities {IC50 values of <10 µg/ml in
OVCAR-4, OVCAR-8, A2780, and cisplatin resistant A2780
(A2780cis) ovarian Cancer cell lines} is presented.

III Extraction of Plant Materials

Materials and Methods
I Plant Materials and Reagents
Rutidea parviflora (root bark) was sourced from a bio reserve in Nigeria.
The plants were authenticated by a botanist, Mr. Alfred O. Ozioko, a
botanist at the International Centre for Ethnomedicine and Drug
Development (INTERCEDD) with expert advice offered by Prof. J.F
Bamidele of the Department of Plant Biology and Biotechnology,
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 (% 𝑌𝑖𝑒𝑙𝑑) =

II Assay Materials
Egg albumin, indomethacin 10 mg/kg (oral), normal saline, digital
vernier caliper, hand towels, hand gloves.

The 2.2 Kg of the pulverized root bark were extracted according to the
American National Cancer Institute (NCI) method of extraction [10].
The pulverized plant material was macerated in a 1:1 mixture of
dichloromethane and methanol for 24 h to obtain the extracts. The
procedure was repeated thrice. The ratio of plant material to solvent used
was 1:5. The residue was further macerated in methanol for another 24
h to yield the methanol extract, which was combined with the
dichloromethane/methanol extract to yield the total organic extract.
Deionized water was added to the residue, to obtain the aqueous extract
(3.9 g) after freeze drying. The obtained dry extracts were further dried
in a desiccator to remove any trace of solvent. The percentage yields of
the crude extracts of the plant were calculated as follows:

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑔𝑜𝑡𝑡𝑒𝑛 (𝑔)
× 100%
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑢𝑠𝑒𝑑 (𝑔)

The organic extracts of the plant (24 g, 1.1%) was sequentially
partitioned with organic solvents based on increasing order of polarity to
yield n-hexane fraction, (7 g) ethyl-acetate fraction, (5.5 g), n-butanol
fraction (3.7 g) and aqueous fraction (2.2 g).

IV Phytochemical Screening

b. Sodium Hydroxide Test for Flavonoids
A small amount of each of the portions was dissolved in water and
filtered; to this, 2 ml of 10% aqueous sodium hydroxide was added to
produce a yellow colouration. Upon addition of dilute hydrochloric acid,
a change in colour from yellow to colourless indicated the presence of
flavonoids.

Phytochemical tests were carried out on the plants’ extract by the method
described by Trease and Evans [11] highlighted below.

ii Test for Tannins

i Test for Flavonoids

Ferric Chloride Test

a. Shinoda Reduction Test

100 mg of plant extract was boiled with 5ml of distilled water for 5
minutes, cooled and filtered, few drops of 5% ferric chloride reagent was
added. The formation of green to blue black precipitate indicated the
presence of tannins.

100 mg of the plant extract was dissolved in 5ml of hydrochloric acid, a
few pieces of magnesium metal were added to 5 ml of each plant extract
solution. The formation of orange i.e. a reddish crimson colour signified
the presence of flavonoids.
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iii Test for Alkaloids
100 mg of the plant extracts were heated for about 2 minutes with 5 ml
2M HCl on the steam bath, the mixture was filtered and to 1 ml of the
filtered mixture. Thereafter, 2 drops of the following reagents were
added and observed. Dragendorff’s reagent, where a reddish precipitate
indicates the presence of alkaloid. Wagner’s reagent, development of
yellow precipitate indicates the presence of alkaloid.

iv Test for Saponins

in menthol and a 7.5% aqueous solution of KOH). Development of a
blue or violet colour that fades out in 1-2 hours indicates the presence of
cardiac glycoside.

viii Test for Carbohydrates
a. Fehling’s Test
100 mg of the plant extract was mixed with few drops of Fehling’s
solution A + B and boiled for a few minutes. A deep blue to green;
yellow to red indicates a positive reduction test.

a. Frothing Test
b. Molisch’s Test
100 mg of the plant extract was mixed with 5 ml of water and shaken
vigorously for persistent foam, then warmed and observed persistent
foaming on warming indicated the presence of saponins.

b. Emulsion Test
100 mg of plant extract was dissolved in 10 ml of water and mixed with
3 drops of olive oil and shaken vigorously then observed for the
formation of emulsion which signifies a positive test for saponins.

v Test for Phlobatannins
Hydrochloride Acid Test 100 mg of plant extract was dissolved in water
and filtered. The filtrate was boiled with 1% hydrochloric acid.
Deposition of a red coloured precipitate indicates a positive test

100 mg of plant extract was mixed with 5 ml of distilled water. The
mixture was boiled for 15 minutes and filtered. 1 ml of Molisch reagent
was added to 1ml of the filtrate and shaken; 1 ml of concentrated H2SO4
was added and observed. The presence of reddish ring indicates the
presence of carbohydrate.

ix Test for Proteins
About 100 mg of the sample was extracted with distilled water by boiling
then filtering.

a. Million's Test

vi Test for sterols/Triterpenoids

To a little portion of the filtrate in a test tube, 2 drops of Million's reagent
was added. Formation of white Precipitate which indicates the presence
of protein was watched out for.

a. Liebermann-Buchard Test

b. Picric Acid Test

100 mg of plant extract is dissolved in chloroform and acetic anhydride
is added followed by sulphuric acid. Green colour indicates the presence
of steroids and pink colour indicates terpenoids.

To a little portion of the filtrate were added drops of Picric acid solution.
A yellow Precipitate indicates the presence of protein.

V Experimental Design
b. Salkwoski’s Test

100 mg of plant extract was dissolved in about 5ml of water, then glacial
acetic acid, one drop of 5% FeCl3 and conc. H2SO4 were added. Reddish
brown colour that appears at the junction of the two liquid layers and an
upper layer that appears to be bluish-green confirms the presence of
glycosides.

This study was designed in line with the ethically approved experimental
protocols adopted by the department of Experimental Pharmacology and
Toxicology, of the Faculty of Pharmaceutical Sciences, University of
Port Harcourt. Adult mixed-gender wistar rats weighing between 170200g, bred by the animal house unit of the department of Experimental
Pharmacology and Toxicology were used for the study. The rats were
housed in spacious cages, to allow for free movement at room
temperature, sufficient humidity and 12 hourly cycles of light and
darkness. The animals had access to standard laboratory animal feed and
water. The animals were divided into 12 test groups and 2 control groups
with 6 rats per group. Group A received a dose of 200 mg/kg P.O of the
plant extracts and Group B received a dose of 400 mg/kg P.O of the plant
extracts. Group C and D received indomethacin (10 mg/kg P.O) and
normal saline (1 ml/rat P.O) respectively.

b. Kedde Test

i Egg Albumin Induced Rat Paw Edema

About 5ml of dissolved extract was treated with a small amount of Kedde
reagent (i.e. equal volumes of a 2% solution of 3, 5 dinitrobenzoic acid

The initial paw thickness of each rat was measured using a digital vernier
caliper and recorded as To. Edema was induced in the paws of the

100 mg of plant extract was dissolved in 2ml chloroform, then conc.
H2SO4 was carefully added to form a layer. The formation of a reddish
brown colour at the interface is indicative of a steroidal nucleus.

vii Test for Cardiac glycosides
a. Keller Killiani Test
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animals by administering 0.1ml egg albumin sub-plantarly. After 30
minutes of inducing edema, treatments were given to the rats orally
according to their body weights after which their paw thickness were
determined at time intervals (T) of 1 hour, 2 hours, 3 hours and 4 hours
using a digital vernier caliper.

1 below). Studies have shown that Palmatine possess very good anticancer activities in vitro [13].

The percentage inhibition was calculated using the formula,
(𝑇𝑡 − 𝑇0)𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − (𝑇𝑡 − 𝑇0)𝑡𝑟𝑒𝑎𝑡𝑒𝑑
× 100
(𝑇𝑡 − 𝑇0 ) 𝐶𝑜𝑛𝑡𝑟𝑜𝑙

B

A

Figure 1: The chemical structure of palmatine A) and urs-12-ene-24-oic
acid, 3-oxo, methyl ester B) isolated from R. parviflora.

VI Statistical Analysis
The analytical tool used was SPSS version 16 for calculation of the mean
values ± standard error of mean (SEM). The one-way ANOVA was used
to determine statistical difference between means. A p<0.05 was
considered statistically significant.

Results
I Results from the Phytochemical Screening
The results of the phytochemical screening are contained in (Table 1).
The results presented in (Table 1) showed that most of the
phytoconstituents are in the organic extract. Significantly, alkaloids,
flavonoids, tannins, terpenoids, and cardiac glycosides are more
abundant in the organic extract. Alkaloids such as isoquinoline, indole
and diterpene are known to have good anti-inflammatory activity [12].
Previously, an alkaloid; Palmatine and a triterpenoid; urs-12- ene-24-oic
acid, 3-oxo, methyl ester were isolated by my research group (See Figure

Table 1: Results from the phytochemical screening.
Test
R. parviflora
Extracts
Aqueous
Organic
Flavonoids
+
++
Tanins
+
++
Alkaloids
Trace
+++
Saponins
++
+
Phlobatannins
Sterols/Terpenoids
Trace
+
Cardiac Glycosides
+
++
Carbohydrates
+
+
Proteins
+
+
Key: -: Absent; +: Slightly present; ++: Moderately present; +++:
Heavily present.

Figure 2: Plot showing the mean paw thickness at time intervals.
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Figure 3: Percentage inhibition of edema of different treatments at time intervals.

II Result for Anti-Inflammatory Assay
Table 2 shows the mean thickness of egg albumin-induced paw edema.
At time intervals, each treatment group showed a decrease in mean
thickness of the induced paw edema at different rates due to their
individual inhibitory effect. From the results, the organic extract (200
mg/kg and 400 mg/kg) had significant anti- inflammatory activity
against the negative control from the first hour, (p<0.05), also the Ethyl
acetate and n-butanol fractions (200 mg/kg and 400 mg/kg), had
significant anti-inflammatory activity from the first hour (1hr) compared
to the negative control. However, at the fourth hour when compared to
indomethacin (positive control), p>0.05 was obtained, indicating that
there was no significant difference between 400 mg/kg organic extract,
400 mg/kg ethyl acetate and 400 mg/kg n-butanol fractions treated
groups and indomethacin treated group.
Table 2: Mean paw thickness (mm) ± standard error of mean.
Treatment
Initial paw reading
30mins
Control (1ml)
4.18±0.08
8.52 ±0.36
Indomethacin(10mg/kg)
4.08±0.15
5.19 ±0.07
Organic extract(200mg/kg)
3.86±0.47
7.38 ±0.19
Organic extract(400mg/kg)

3.82±0.13

1hr
8.45
0.37
5.13 ±0.06
7.02
0.05*
7.13 ±0.16*

2hr
8.42 ±0.37
5.5±0.05
6.88 ±0.05*

3hr
8.06 ±0.32
4.64 ±0.02
5.93 ±0.01*

7.00 ±0.16*

5.63 ±0.23*

4h
7.46 ±0.20
4.41 ±0.03
5.82 ±0.01*

4.34
0.30*#
Aqueous extract(200mg/kg)
4.15±0.04
6.55 ±0.21
6.47 ±0.24
6.37 ±0.19*
6.06 ±0.04*
5.71 ±0.05*
Aqueous extract(400mg/kg)
3.98±0.07
7.94 ±0.03
7.37 ±0.09*
7.26 ±0.10*
6.07 ±0.12*
5.35 ±0.19*
n-hexane fraction(200mg/kg)
4.11±0.05
8.25 ± 0.14
8.11 ±0.14
8.06 ±0.13*
7.36 ±0.32*
5.84 ±0.33*
n-hexane fraction(400mg/kg)
3.56±0.21
7.43 ±0.31
7.27 ±0.36
7.16 ±0.35*
5.85 ±0.14*
4.95 ±0.03*
Ethylacetate fraction(200mg/kg)
4.53±0.24
8.20 ±0.24
7.95 ±0.12*
7.85 ±0.12*
6.77 ±0.11*
5.90 ±0.06*
Ethylacectate fraction(400mg/kg)
3.67±0.15
8.08 ±0.12
7.60 ±0.35*
7.40 ±0.42*
5.79 ±0.39*
4.15
0.28*#
n-butanol fraction(200mg/kg)
3.88±0.09
8.08 ±0.21
8.00 ±0.23*
7.89 ±0.25*
7.00 ±0.04*
5.61 ±0.14*
n-butanol fraction(400mg/kg)
3.58±0.29
7.75 ±0.36
7.63 ±0.31*
7.41 ±0.25*
5.97 ±0.14*
4.00
0.19*#
Aqueous fraction(200mg/kg)
4.28±0.06
8.57 ±0.22
8.50 ±0.20
8.20 ±0.18*
7.56 ±0.28*
6.37 ±0.27*
Aqueous fraction(400mg/kg)
3.77±0.09
7.97 ±0.04
7.35 ±0.25*
7.13 ±0.24*
6.13 ±0.23*
5.17 ±0.15*
Key: Mean±S.E.M. (*) means the p-value is less than 0.05 Significance against control at a given time *p<0.05 Significance against indomethacin at a given
time # p>0.05.
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7.31 ±0.22

Figure 2 is a graphical representation of the anti-inflammatory activity
of the extracts, fractions and the controls. From the experiment it can be
deduced that more of the anti-inflammatory activity was found in the
ethyl acetate and n-butanol fraction, indicating the active substituents are
concentrated more at the polar region of the organic extract. The
percentage inhibition of Edema of the different treatments at the
respective time Intervals were calculated to obtain the significant values.
The data is shown in (Figure 3). The percentage inhibition of
indomethacin (10 mg/kg) showed significant inhibition from the 1st,
2nd, 3rd and 4th hour as 75%, 77%, 86% and 90% respectively. The
percentage inhibition for the organic extract (400 mg/kg) was significant
at the 4th hour as 84%. The percentage inhibition for the ethyl acetate
fraction (400 mg/kg) was also significant at the 4th hour (85%). While
that of the n-Butanol fraction (200 mg/kg and 400 mg/kg) had a
significant inhibition at the 4th hour as 85% and 87% respectively.
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Discussion
The observed anti-inflammatory effect is could be attributed to the
presence of palmatine, urs-12-ene-24-oic acid, 3-oxo, methyl ester,
flavonoids, saponins and other phytochemical constituents in the plant.
Flavonoids possess significant activity against both phases of
inflammation which are the proliferative and exudative phases. There are
a number of reports of saponins with anti-inflammatory properties such
as Frutice saponin B [12]. It has been suggested that the numerous
biological activities of saponins are linked to their amphiphilic nature
which help in the accomplishment of these activities thereby eliciting a
cellular response [14].

However, the anti-inflammatory effect of n-butanol fraction of R.
parviflora at a dose of 400 mg/kg was 87% compared to that of
Indomethacin (10 mg/kg); which was 90%, at the 4th hour. The precise
mechanisms that are involved in the production of the anti-inflammatory
response by R. parviflora fractions are not completely understood but
may be due to the presence of palmatine and urs-12-ene-24-oic acid, 3oxo, methyl ester in the root-bark of R. parviflora.
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